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ABSTRACT ,

' This study acssessed the ccnstruct validity of a
cognitive structure interpretation of multidimensicnal scaling
solutions of concept similarity data. Osing high school subjects,
convergent validity was assessed throuqh correspondence of scaling
solutions of three similarity rating tasks; word asscciaticn,
similarity judgment, and semantic differential. Further evidence was
sought by qrouping subjects within each data gathering technique by
sisilarity of response using, separately, Tucker's and Carrcll's
individual scaling techniques. Subgroup sembership ccmparisons were
made within data gathering techniques across scaling techrigques, and
within scaling techniques across data gathering techniquesi
Char acterization of sutgroup members was attempted through several
variables, including developmental level, field indegendence,
cognitive complexity, and measures of atility tc cope with the

~sisilarity tasks. On full group data, fit was excellent between word
association and similarity judgment data, and pcorer with semantic
differential data. Judging by the fit ascng the interrretability of
subgroup solutions, both individual scaling techniques fcremed groups
success fully. There was considerable ccsmcnality of subgroup
membership across similarity tasks in the Carroll analysis cnly.
Characterizaticn of sutgqroup members by the chcsten variatles was
unsuccessful. Due tc error-full data, cnly Carrcll analysis and not
Kruskal analysis produced interpretable disensicns cn the subgrcup
data. (Author/RD)
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This study assesse@’;he construct valldity of a2 cogpitive structure

interpretation of multidjmensional scaling‘solubiens 6§.cone$pt simila}ity
data. Using high schooLfSubjects, convergent éalidity'was assessed through

correspondence of scaling solutions of three simlilarity rating tasks: word (V

a

assoc;;fibh, similarity judgment, and semantic.differential.

\ %) P

Further ewﬁdence was sought by grouping subjectsfﬁithin each data
gathering technique by simila*ity of response using, separately, Tucker'k«%

and Carroll's individual scaling techniques. Subgroup membership comparisons

were made within data gathering techniques across scaling techniques, and

1

within scaling techniques across dgta gathering techniques. | |

*

Characterization of subgroup members was attempted through several
: A - v

variables, including developrental .level, fleld. indepeudence, cognitive:

complexity, and measures egoﬁbility to cope with the similarity tasks.

On full group datd, fit was excellent between word hssociation and

similarity judgment data, *nd poorer with semantic diﬁfﬁroq%ial data.

Judging by the fit amorg and’ interpretability of subgﬁgup saﬂutions, both

\.—-J.

individual scaling techniques formed groups successfully. There was consid- .

- -

erable commonality of subgroup membership across similarity tasks in the

Carroll analysis only. Characterization of,subgroup members by the‘choseu
var;Lbles WaSs uaiuccdssful Due’' to erroé-full data, Carroll analysis onliﬂ o
an& not Kruskal analysis produced 1nt°rpretab1e @imensions on the subgroup /

data.
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Construct Validity of Cognitive Structures:
a Comparison of Multidirensioral Methods

P

& pvewoncTIon . /

The purpose of this investigation was to assess the validity of three

-

~+methods of uncovcring “cognitive struntu*es" from perceived interrelationships

N

anong a set of sclence concepts. The validation follows, in spirit, that of

“ampbe1ly and “iske (1957). Convergent Qali@ity‘was assessed by analysis ’

of interrelationships producei by the same subjlects on different simiiarity
rating tasks, and by analysis of those produced by the,same subjects sﬁ}the
same similarity rating task but analysed by different*séaling methods. Dis-
criminant validity was assessed (only indirectly) through analysis of ;ela-
tisnships produced by different groups of subjects. These groups were formed
usinz the indiividualized scaling nodels of Tusker and Messick (1963) and
Carrnli and Thang (1970). Characterization of th¥® members of these grours

= 4

was attempted through a set of personzlity measures, some independent of

ani others dependent upon the scaling technliques.
The construct validation may be viewed as a two-step pfocess. The :

¥ first step validates the methods of gathering similarity ratings, through the

\
establishment of the degree of.correspondence oﬁ;results .across, the/diffgrent

{ e

similarity rating tasks. The second step is the validation of the r900vered .

evaling solutions, attempting to es+ablish them as representing "cognitive

structures”, in that they represeant some psychological reality for the Su9188%1

¢ 5.

This second svep was attacked by two methods. First scaling solutlons were

analysod in tormstsﬁ/lhe meaninvs of the example concepts on which similarity
g

. cdata was gathered. Sgeond, t :gpersonality measures of groups of subjects-
1 ~ v . ! ;

y . { : :
(«. who perceived the example concdpts from different perspectlives were analysed

L
R4 5
! in an attempt to link personality'chi;acteristics with these péxspectives.
t . \

Y 4. .
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Sample o ) . ,

r

The sample was 5 gfoun of 78 grade nine and 5S4 grade twelve students
in four schools in Edmonton, Alberta. The sample originally choseﬁ was
conslderably larger, but sincey subjects were retained in the sample only if
they comple!ed six tests admid[stered on three separate occasions, there was
a large (SOi)battfition réte. Since there was no attempt in this study to
generalize perceptions of science concepts to "typlcal"® clasées, for the
purposes of in;estigating the data gathering amd scaling-techniques only,
the at£rition rate was deemed acceptable, / .

Instrurmentation

1]

The study used as example concepts a set of 15 syntactical.(%s opposed

“to substantive) concepts within the domain of the scientific method;\ These

P
rd
- . /
r

wWeXrcet

conclusion discovery evidence -
experiment explanation fact ,~¥31
hypothesis imagination interpretatiom.
investigation law proof -t

p puzzle question theory

[ . Ve ) -

Fpur matrices of similarity ratings among these 15 concepts were

produced from the responses of each subject as follows: {A

12

1) A constrained word association fest was administered in which subjects were

asked to respond continuaily, in writing for osg'minute per concept, to each

of the 15 concepts, the constraint being that ghey were to "respond while
thinkiné'of the scientific.gganing of the s¥imulus word.™ Using the Garskof
and Houston (1963) metr:od with small modifi!ation, relat'e=dness 1rﬂices with |
values between 0:00 apd 1.00 were calculated between all palrs of words based
upon the overl§p~of the' 1lists éf responses to each concept, Since'the stimulus

word itself is included in “he list, overlap can never be perfect as the first

two words can never Ee the same on bogp_listﬁ. A correction fa9x6§ was used



by Garskof and Houston to allow a theoretical maximum of 1.00 if each word
elicits the other, followed by identical lists of resvonses. ' This ccrrection
factor has the disadvantage of producing the same index, 1.00, under-the ¥

described circumstances whether the 1list of identical responses 1s one or

‘40'

‘%‘ ten words long.b Since it was felt tnat production of a longer list of iden-
tical responses should indicate a higher proximit; of concepts in "concept
space", the correction factor was not used in thils study. Thus, longer
identical 1lists, had there been any (the highest relatedness‘index produced
by any subject was about 0.70); woul& have produced slightly higher related.
ness indices. The correction factor would have changed’a typical index
from, for example, 0.439 to O.44k. _ ’

2) A second matrix of similarity data was also produced'?’om the association
responses. There were very large between individual differences 1in both
fluency of response and average relatedness index. The average relatedness
index may be taken as an inverse indicator of the size oftthe concept pool
from which the subject resporded. Each subject's matrg%)was renormed to ;
mean of 10.00 and a standard deviatlon of 2.00 tQ\elinInatérgiffercnces in

. Y
fluency and averige\relatedness index. Without such renorm

’ 1nd1viduals

*

with the highest mean and standard deviation of relatedhg indiges Would have

A 4
dominated any group average calculations. How%ver, since this fluenty factor

may have been theoretically important, data was“analysea both;scﬁled (des- \~
, | ‘ ) A
cribed here) and unscaled (described in (1? above). 7,

3) A similarity judgment task (Torgerson, 1958) was administered, in which

EXY

subjects were asked to rate 105 possible pairs of concepts by waksng a mark

on a line ldbelled "clkpsely related-unrelated”. Meaburements frOm one end
4 ' 4'4
of the line produced a set of similarity ratings directly. These values were

B

a)so rescaled to a mean of 10.00 and a standard deviation of 2 00 to remove

patterns of response blas. Since such Eatterns were pot oonsidq;ed theore-

; . _ ,
. L




N
tically importaﬁt, the data was analysed only in the rescaled form.

i ﬁﬁlb) A semantic differential scale (Osgood et al, 1957) consii;}ng of twelve
‘ Ea{fs of descriptors was used to rate each of the fifteen concepts.“The
results were analysed by first producing an intercorrelation matrix for
the ratings of the concepts based upan the patterns of* responséé produced
and then using these intercorrelati?ns as measures of siwi}&riﬁfvé}Again to
eliminate thecretically unimportant resﬁonse patterns tgs}maéiices were

A

renormed to a mean of 10.00 and a standard deviatiej,of 2.00.«
An atteinpt was made to characteriﬁg\subjépts with a variety of
perscnality measure& of potential theorngiqﬁl importance. Three tests were
used for this pur‘posa-' ‘ ’ < \
1) A test of developmental level was comfiled ?;om‘exigting items, with some
modificatiows (harplus and lave‘elli, 1969;- Hoﬁbé 1975¥  Time constraints
| lirited the test to four itenms, Yhieh were (a) conservationmof volume; (b)
coubination of variabless {c) and (d) &yo controlligz variables tasks;
2) A publis{hed test of field independence, the Hidden E@s‘&\t (French
et al,,1965) was adminfitered-
3) A test of cogn‘{ive complexity vas designed, following the model of Seaman
ani Koenig (1974), E?t limited to a:six by six matrix. .
The above variables were deeped to be of theoretical importance .to the
study, in that the three vafiablesiggght reascnably be expected to play a role
in explaining a person's method of relating concepts together in a "cognitive
structure”. During the course of the investigation other variables were
generated from the data which might iave had eXplanﬂ}ory power. For example,
subjects varied,in ability to cope with the word association. Because of this,
the following variables were genenated; mber of responses, number and

percent of responses which were original keywords, amd personal consistency

scores én each of the three similarity tasks (to be described below). .
' : o .. %
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Traditional variables of sex, sclence grade from the previous year, and
1.Q. (srade nine only) were algo investigated.
Desifn ‘

Each of the concept relationship tasks was palred, on tﬁb basis of
lengtly, for administration with one of the personality tests. The pairings

were: lidden Figures and similarity judgment, developmental level and word

associatlon, and cognitive complexity and semantic differential. The perscn- -
ality test was always administered first. ) r/
. With three testing sessions needed per group, it was planned to tect

six classes at each grade, each class receiving the sessions in one of the
six possible orders. Due to difficulty in finding grade twelve teachers
willing to sacrifice three days to research in April of the graduat{pg year,
the origiral design could be followed in grade hine only. Only five clazses
were found for grade twelve, with one of the six orders of administration

oA

Analytig Techniques

In each grade, four group aYg?age similarity rating matrices were
formed on the basis of the four data sets; For brevity, these elght sets will
be referred to as: constrained association scaled (CAS9 and CASiZ) and unscaled
(cau9 an% CAU12), similarity judgment (SJl9 and SJ12), and semantic differential
(sp9 and SD12). An attempt was made to establish dimensionality of the
solutions using the Kruskal scaling tecﬁnique (1964a, 1964b) on each of the
group average matrices. The "elbow" criterion was not useful, as would be
expeclted on the basis 6f‘the behaviour of the stress function under error
conditicns (Wagenaar and Padmos, 1971; Isaac and-Poor, 1974). On the basis
of interpretability as much as stress, all results are reported in three
dimensions. Feasons for this will be discussed below. R

Comparisons between scaling solutions was done by the nonmetric



\
orthogenal Procrustes goodness-of-fit procedure (Schoremann and Carroll,
19703 Lin'ocs an: gchonemann, 1974). Rather than the measure Sf fit used in
this techniéue, the more familiar Fearson céfielation defived from it was
reperted.
Each of tée eirht sets of individual maérices was analysed by goth
\

the Tucker techaique and the Carroll. These techniques. group subjects \\
: ) §

. !
accordirs to similarity of resyponse matrices.” Subjects were grouped by |

i
i

their loadings in "person space”" within each grade. These Subgroups wefe
then exarmired for cimilarity wffﬁin data gathering methods-and across sgpling
methods, am;‘vice versa. Matrices within each subgroup were averaged, ;fux\

the result analysed by ihe Kruskal technique. As explained\below, subgroupﬁ *
were also analysed by the Carroll method. Attempts were made to interpret

dimensions in terms of concept. canings, and to characterize members of the

subgroups according to personality measures obtained.

Rr:SULTS AYD DISCULDON

Reliability cf Tnstruments

é
The reliabilities of the instruments used were estimated in a variety

of ways, ¢ome 'with recognized Rmitations. A separate group ;f 18 grade nihe
students provided test-retest (one month) data on the constrained associaiion
and cognitive complexity instrurents. Repeated pages in the test booklets

gave further correlational evidence of réliébylity of the similarity Jjudgment
and semantic differential instruments, while ; sinilar technique in the con-
strained associaticn test gave an estimate in terms of the Garskof and Houston
irndex. These three estimates are reported in Table 1 as personal consistencies.
Reliability for the developmental level test was estimated by KR-20, and the

Hidden Fifures test by split halves. The cognitive complexity tes} was

dropred due to low reliability. Rellabilities are summarized in Table 1.
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Table 1 about here
I ZEEREEEESESRERERREE R ¥

Group Averarce Tecults

Kruskal sculing was performed on the group average matrices. The

-~

stress 1 values for two to cix dimensicnal solutions are reported in Table 2.

‘Although the "elbew" criterion is not .entirely appropriate, it would seen

to irdicate that CAS9, 8J9, and 5D12 require three dimensions, CAU12, Casiz,

and SDY foury ani offer no clear decision for the remaining two cases.

B ESEE SRS E S SRR R X

Table 2 about here

HEHHAERAEERRN LK HX R = N
A decision was made to report only tHree dimensional‘solutions for
the followlng reasons. ¥First, according to Isaac and Poor (1974), the stress
values for all eight cases would be acceptable for a HO% error situatiog,
wnich 1s reasonable in light of the reliabilities. Secend, baséd on pilot
work, three dirensions would be easier to-interpret than four. Third, since
v
comparisons between subgroups are to be rade, subgroups might bé expected to
require_fewer dinensfons due to their homogeneity. Fourth (in retrospect),

Carroll aralysis showed no significant improvement in correlation with the

- original data in moving from three to four dimensions.

Due to the bulky nature of the data in ‘his study, comprlsing'over 100
pages of tables, only example results are reported here. Results given are
representative of those omitted. Complete results are available from the
author“gn request. ' #

Table 3 contains sample scaling solutions for the data. Since di-
mensions in Kruskal analysis are arbitrary, all solutions are reported
rotated to a common target, arbitrarily chosen as the SJ9 results.

2
36 3 I N N I

Table 2 about here
R 2RISR SR SRR SR 2 2

10



Althcush 1t was no* a focus of this study, attempts were made to
. N .
interpret direnstions of these rotated solution: The labels chosen were

"cartalnty", "creativity", "theoretical-practical", and "temporal". OCubtle

ard arbitrary distincticns were made in order to create distinguishable labtels,

.\\
For example, hirh loadinz of the congept "conclusion" jndicated a "temporal”

rather than *certainty™ dimension. When "theory”‘or *law" was opposed tco
“concliston" or “fact™, @ “thecoretical-practical” dimension was named. A

sunrary of sﬁcg interpretations is given in Table 4. In general, the.first
¢
two dirensions of all solutions are labelled the same. This consistency'ls

1

interrreted as convergent validity evidence. 1t should be noted that the

semantic di{fferential solutions required the most stretching of the dimension

naming cornvention,

IZETEERZASSRERE SRS SR 3 -

Table 4 about here
IFEEREERE RESEAE T EE EEE

Table % reoorls Turiher evidenca of convergent validity in the form,

of goolress-cf-fit measures of the scaling results. The table also regports

on the effect of scalins the assoclation matrices for fluency differences,.
and the difference between the two grades. In general, the association data

and similarity iudgrent data fit each other better than elther fits the se-
i :

mantic differcntial data. Between grade differences may be interpreted as
discrininant validity, but the numerical evidence is weak, even g{&nted that

there is no estimate of how nuch difference three years exposure to sclence

should rake. -
y 4

e

I EEEERE RS LSRR S8R 22

Table 5 about here
I EEEEES R AR SEERAEER X X 3

«
*

Tucker Scalines Results

Table €& presents the unrotatdd factor loadinss for the first six
factors for each data set. Since the first factor is a nean factor in data

J »
sets 3 to 8, due to the initial norming, rercentage loadings of all but the

11

L



first factor are cxpressed as percentagqe of variance left after the first
factor is taxen out. This explatms percentages totalling more than 1007,
I EZ R RS RE RS R ERERERSE ]

Table 6 about here

LE AR R RS S LR AR ERES S

Since each factor retained would form a group, and scree tests were
of no hélp, §t was arbitrarily decidod to retain four factors (factors 2 to
5 for data sets 3 to R) for varimax rotation. After_rotétion, sub jects were
group;d éccordin; to their .highest lcading, with the followlng eXceptiéhs:
those loading greater‘than 1.00 on more than one factor; those loading less
than 0.59 on all factors; and those whose highest loading was less than 1,50
times thelr rext hichest were all eliminated. In ithis ranner, an average of
617 of the subiects were placed in four groups within each data set ina
mutually exclusive but not éxhaustive nanner. As there were no commonalities
of group-nembership, these memberships are nét reproduced here. Had there
been commonaliily, this would have presenizd conpelfiing evidence for convergent
validity of the soéling solutions

Table 7 glves stress values for the Xruskal anal?ses of these subgroup
averaze matrices. Since those retained in groups wculd be expected to have
produced more horogeneous and less efror-prone data than those omitted, stress
values should have been lower than in Table 2. That thils was not so must be
due t» hicher error in *he aéerage data of the smaller grouﬁ, as will be
discussced below.

SR ZEERT S LSS E S RS R 2

Table 7 about here
EEES RS SER R R R STE EEE R E

Table R reports goodness-of-fit correlations among & full group solu-
tion and the four corresponding subgroup solutions. Although the Tucker
technique has identified subsroups with differen® perceptions, a search of

)
the 95 dimensions produced fourd only the occasiodhal irnterpretable dimension.
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This point will also be returned to.
!illill(idlli!{"lll

Table 8 about here

22222 BEEERES SRS ST S X

Due to <if:iculties in matrix inversion due to nezv redundancy of
‘ -
variables, the personality measurcs could not ve Pnvestigated by the approp-
riate technique, rmultivariate aralysis of variance. AsS an alterhative, one-
way Anova at the 9,01 lowel was chocen,  Nine of the 110 analyses of verlance
were sienificant, and @r: reported in Table 9. As can be seen, only the
irterrnslly moiorated veriadbles produced significant results. Tt 1s of interes:
/
that fluenc.s “orned a tasis for grouping in tle unscaled assoclation data
whick did rot versist in ‘he scaled data, despite the high correlation between
the overall groeup results in the twe cases. The rescaling, therefore, did
prevent the formation of a gr-up on the basis of fluency.
I E RS S S EEEE R R RS S SRR N

Table G avouit ners:

XY ¥R IR YE-¥E WYX NRE N

cagsons for the lack of interpretability

3
jog
n
~
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of the suc-r:oup solutions. Tirst, error in the data may hive confourded the
results. Cr, if perceyt!-ns were constrained by the "right answers", subjects
cloze to the group averase may have loadeg%gﬂ’géveral dirmensions, and been
elirinated by the grouplns criteria. Thus, those grouped might be those who
deviate subctantially frem the group average, and who might have the rost
errcr-prone data. Since the ¥ruskal technique seems unable to operate in the
presence of high error()egels, perhaps the Wagenaar and Fadmos criteria for
acceptable stress are too lenient,

If the Tucker technique has failed, then the personality results are
o be eéxpected. If not howewer, then we may have c?osen the wrong variables,
measured them inaccurately, or they ray be irrelevant to concept percecticn.

The Carroll scaling results will shed light orn these possibilities.

13
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Carrcl] Ccalinrs Fesults

Carroll scalinz ~n the full greup data sets was done both from a
random nurber start and a Yruskal group solution start. Since cortrelation
was 0.99 betweon the two, only the ferrer is repsried. Table 10 reports
the t1t of the Carroll group average result to the Kruskal result and to
the original data. VYerfect fit was got expected between the Kruskal and
Carroll results, as the Torror welghts all subjectn equally, while the latter
gives more weirht o those closer to the group average.

IR EEEEEEREREESR NS S EE

Table 12 about her

- I R S E RS T RS R R E R S 2
in support of the reporting of results @~ hree dimensions rather
than four, averace corrclation of Carroll results with data, 0.58 in three
dimersions, rose to only 0.62 in four.
Rather than producing subgroup solutions by weighted composites of

vrecaeded in a manner analegous to the Tucker

~
[ORORS, -

&

£ ey - P e - Y
the Corroll loaliooos, annowst

194

3

method,  Follew!ns sutgreupy formation, the subgrcoup average mairices were

anzlvsed by the ¥rackal tecknique. Since the subject dimen’ns in Carroll
analysis directly reflect the importance of corresponding dimensions in
concept space, tne group formation criteria differed from the Tucker analysis.
For grade nine, the ten hirhest of 78 (grade twelve, elght of 54) loadings
were used to form each of the three groups. This procedure placed 41% of
subiects in three groups, which is of the same order of magnitude as the 617
in four groups of the Tucker analysis. The Carroll groups were not mutually
exclusive, ' . .

Since there 1s substantial cormonality, group membershig is sumrarirzed
in Table 11. VWiin the exception of two pairs of subjects,'grouping is the
same in all subgroubs of CX!9 and C139, amd in>CAU12 and CASiz2., CAU9 group

one and 3J9 group three have six menmbers in common. Overlap can also be seen

. 14
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between S0 group two and both C4!9 and CAL9 groups one and two, SDé £roup
one an? SDO group thraoe, C#''12 grour one and SJ12 group one, and CAS12 ghoup
three.and 5012 group‘two. In contrast to the Tucker results, these results
offer s*reny evidence boith for the constrict valxdity of the cognitive struc-

tures uncovervd, ani for the power of the Carroll technique in errcr-full datz.
I EEE RS ERE AR RS ERE SR S & 5

Table 11 akout here
EETEET EE R R R RS EERE SR

The Sybgroup avr-race matrices produced were analysed by #he Kruskal
technique. Ctress values were high, similar to those for the Tucker analyses.
veasures cof fit among the subgroup solutions and with the corresponding full
group are reported in Table 12. Average fit was 0.48, slightly better tha;

the 0.44 in the Tucker case.

IR RS s 2 S R R R R RS 2 2SR

Table 12 about here
IR R RPERRREE EXTEE X XIS

AMtervte to latel dimercinng wore lavrgely fruitless, as with the .ucker
results. The versenality measurec again had no explanatory power. Desplte
tre te~wntaticn to conclude that neither individual technique was operating
as desire? under these circumstances, one bit of evidence prompted further
investigation. Those subjects included in subgroups by the Carroll scaling
had a higher correlaticn of the solution with thelr origiral data, 0.68,
than did the full group, at 0.58. That is, the Carroll technique was
successfully isolating those nearer the groug average, and was not operating
on rardon errcr.

This fact prompted further investigation of both the Tucker subgroup
data and the Carroll subgroup data using the Carroll technique in p of
the Kruskal technique. As can be seen from Table 13, about 75% of the

isolated dimensions can be assigned meaning on the basis of the™criteria used

in attempting a similar naming for the corresponding Kruskal solutions. 1In

15
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Table 14, correlatfons letwecon the Carrolil soluticns and the ;orros;bpding
ruskal solutians shew that the twosresults bear ¥Fittle resemblance to orne
anoth:r. un this evidence, it seems clear that the Tucker and Qarroll
techniqiuo are grouping on scrf® real but unidentified {ndividvaltdifferences.
IS R EE SR R ER SRR ERERERRE EE R NN
Tebles 12 and 14 abe:t here

L S S R RIS SE RN EEE NENEEESS SR S

The

rerdnesc- f-f1+ results anons the Carroll sclutions of tre
Tucker cutrprou-s and corresponding full group are reported in Table 15, alorg
with the care results for the Carroll groups. There 1s & reasonable balance
between no individual differences (r = 1.00) and differerces so extreme (as
in Tables © ani 12) that the results mugdelbe suspect. For the purposes of
addrescing the hyvrotheses of fhis study, possibility of labellirg the

.

dimencicns of the sub~roup solutions, and the isolaticn of recal differences

in conrept rerceptior offer evidence for the validity of a cognitive structure

-+

intervre tatsan of jravidual scalin: soiutlons, Conuonality of subzroup
rmembershiy asross dnta gathering techniques within the Carroll arnalysls, but
not wit in the Tucier analvoie, is evidence that the Carroll technique 1s

more robust with respect te error tran is the Tucker tecnnique.
IE R R R EEEEERE LR EA R S

Table 15 about here

S anv XKD N R EXFERN K NN

The purpose of thls study was to scek convergent valldity of a cognitive
structure interpretation of multidimensional scallng solutions of concept
similarity data. Three data acquisition techniques and two analytic techniques
for subject grouping were used. Various personality measures were used unsuc-
cessfully to characterize merbers of subgroups. There was commonality of
subgroup membership within the Carroll analysls, but not within ghe Tucker
analyvsis. {n subarcup data, the Kruskal techniqué gave uninterpretable

loadings in concep® space. Similar analysis by the Carroll technique, however,

El{fC‘ 1€
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gave interpretatie dirensions. COn the group average datz, convergence of
v
7
Aoncept similarity data was geod. This convergence was taken as evidence

for the ceanitive structure interpretation of multidirensional scaling

solutfons on concept simtlarity data.-
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TABLE 1

SUMMERY OF RELIAB{LITY ESTIMATES

¢ w . Test ¥ethod Grade 9  Gfade 12
oo ' - = "
" CAU  Test-retest (data) 0.76 ¢
CAS  Test-retest (data) 0.76 #3.;
Cal Test-retest soln5 0.70
CAS Tes¢-retest (soln) 0.53
CAl gersonal consistency 0.45 0.42
. SJ Personal consistency 0. 56 0.5%.
X 5 SD Persprorl consistency 0. 60 0.64
« Dev. Lev. .20 0.45 0.50
f \ \sHid. Fig. Split halves 0.77 0.78
' 1  “Bog. Com. Test-retest -0.11
% >
" TABLE 2

*
STRMSC 1 VALES FOR FUYLL GRO''P
AVERLCE KRiSKAL SOIPIONS

_ Dimension -
- 6 5 4 3 2
Data Set
1. CAT9 4,8 5.0 4.9 8.1 11.4
2. CAIl2 b.9 5.0 5.6 10.2 13.4
3. CAS9 4.8 5.0 5.0 6.2 14.0
. CAS12 5.0 5.0 6.1 10.8 15.8
5. SJ9 5.0 50 5.0 6.1 14.1
6. SJ12 bo 49 5.1 2.8 155
7. SD9 L7 4.8 5.0 12.7 16.7
R. sSD12 b9 4.9 4.9 6.2 11.9
7

1§




TABLE 3
A
~ EXAHgLE KR'OFEAL SOLUTIONS C“ “ULL GROUP
DATA RCTATZD-TO SAME “APGF“

Dinensions,

1 2

Concepts CALO data

Concz -0.07 2.07 -0,
Diso 0.10 -0.26 -0.
mvid -0.23 -0.21
Expt 0.19 -(.10 . « 7
&xpl -0.09 0.12 f'.17/ 0. Ob -0.11
Fact -0.32 -0.13 -0.04 w28 -0.22 -0.24

Hypo  0.12 0.24 0.1¢° ~ .70.07 0.18 0.28
Irag  0.07 0.22 0.56 0.24 0.54 0.27
Inte  -0.03 0.33-0.07  ;<0.15 0.27 -0.07
Inve 0.20 -0.15 -0.03 4 0.17 -0.16 0.03
Law  -0.40 -& 34 0.1% ' _0.45\-0.20 -o.%

Proo -0.23 -0.22 -0.66 -0.20/-0.25 -0.
Purz 0.50 0.15 0.156 0.55° 0.09 0.14
Ques 0.28 0.16 -0.05 - 0.35 0.09 0.04
Thes  -0.09 0.12 0.19 -0.0% 0.08  0.25
i
3 TABLE 4

AT -
STIMMARY OF DTMENITON INTERPRETATICONS FOR FRUSKAL
SOIMTICNE OF FULL GRCUP ‘)/}TA
. !

Data Set Dimension
.1 2 3

-

CAU9
CAU12
CAS9
CAS12
. SJ9

SJ12
SD9

SD12

= T b b
W zG*{g NN NN

0 - No clear interpretation; 1 - Certainty; 2 - Creativity,
Q 3 - Theoretical-practical; b - Temporal

ERIC 20
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GOCDNEZSCETT VAASURLT WOR KATISYAL SCLUTICNS

OF FILL GROTR AVERACE DATA

Rotated “ztrix Target Matrix r

Converrent Validity

CAS9 SJ9 0.91
CASQ SD9 0.62
3J% cno 0.64
cAas12 SJji2 0.89
Cr51z SD12 0.76
SJ12 SD12 0.76

Effect of Scaling

CA™ CAS9 0.94
CA'iz2 CAS12: 0.97

Cas9y ¢ CA312 0.78

5J¢ o SJ12 0.2
509 Ez 0.70

TABLE 6

. UNRCTATED THCFRR FACTCRING-FHRCENTAGE TOTAL VARIANCE
ACCCUNTED FOR BY FIRST SIX FACTORS
FOR EACH DATA EWT SEPARATZL

Factors

81 2 5 45 6

Data Set

CA9Q 55.5 5.8 3.1 2.8 2.5 2.4
crU12 62.7 S.1 3.3 2.4 2.3 2.2
CASO Q7.2 R0 7.4 6.2 5.3 4.8
CAS1Z 97.1 8.2 6.6 6.5 5.9 5.8
SJ9 97.3 7.9 6.1 5.2 4.4 4.0
sJ12 97.2 7.6 5.5 s.4 5.0 4,5
SD9 96.5 7.8 6.3 5.6 5.3 4.5

6 9.3 R.8 7.4 57 5.5

SD12 96.

For data sets 3-8, percentages calculated excluding first factor.
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TABLE 7
STRESS VALUXS FOR KRUZX!L SLALIEG OF
TUCKER CUACREIP AVERATE MATRICHD

(KXAVFLE - SJ9)

. Dirmension
Group 6 5 L 3 2
1 10.7 13.5 16.5 21.9 31.0
2 11.3 12.5 15.9 21.4 29.6
3 10.8 13.2 17.2 22.5 30.1
L 10.5 13.1 16.4 21.9 930.9
TABLE 8

GOODNESS-CRoPIT AMONG TUCKER SUPGROUP SOLUTIONS AND WITH
- RESPECTTVE FULL GROUP SCLUTIONS (EXAYPLE - SJ12)

Full Group Subgrp.l Subgrp.2 Subgrp.3

Subgrp. 1 0.25
Subgrp . 2 0.18 0.39
Subgrp. 3 0.15 0.56 0.49
Subgrp. b 0.26 0.49 0.49 0.55
¢ - TABLE 9
STONIWICANT RESULITS OF ANCVA - PEZRECNALTTY
VARTABLES AVONG TUCKRR UBGROUPS ,
variable ca'la CAS9 ,CAU12
(on assoctation task) F P F P F P

Total Pesvenses 5.2 . 009

Total "nternal ¥eyword Responses 6.7 .001 4.4  ,001 1B.2 <(.001
Fraction Tnt. Feyword Responses L.s L00R 3.9 ,016 10.4 (. 001
Avg. Relatedness Tndex 16.6 <£.001 5.2 004 12.9 (001

df error: CAU9 - L3; CAS9 - 38; CAlz - 32,

4




HELATTICUSA T 3 AV NG CAvnDT

TawIW 1

p

SOINTTONS, AND DATA

0

LSO,
fon bt ol

set Carroll~iruaxz=l

cHa 0.79 0.60
Ca 0.75 0. 59
Cesn 0. 7% 0.60
0aC12 .75 0. 58
« . 0.99 0. 64
aTie 0,84 0.59
Sno 0.81 0.50
12 0.04 0. 51
TARLH 11
CARNOLL SURLECID MAMBRRSHIP
Lata Set Subjcct TD's
C'9 Greap 1 3,10,25,35, 3R, 01,02, 01, €2, €l
Group 2 2, 9,13, ? 27 10,44 54, )/,tq
Grovn 5 2, 6, P, 0,73,37,43,19,53,63
MENE Grovp i 1],]?,7H,F7 A R L0 el
Croup 7 Y2017, 20, 31,60 B by LR
Crour 3 Q173,14,10 24 24 b5y 50
CASO  Group 1 2, £, 8, 0,12,37,473,549,5%, A
D Groan 2 2.10,?5.35,30.101'1.2"1'(;2'6“
~ Groewp 3 2, Q,13,17,27,40,44, 54,57, €0
CAS12 Group 1 11,17,24,27,34,20, 49,54
Group 2 11,12, 17 19,26,721, N/ LA
Grouyp 3 R 13,1& 10,24,29,45,50
E)YQ (}r(‘»‘lp 1 R'()g1‘:’.31a}}oujlholf‘?!()jl?g
Group 2 2, 3,12,13,25,32,L0,L4 A1, A2
Grous 3 21,2737, 30, L, 5. b5 6671, 76
€112 Group 1 h,16,17,21,31,34,49, 54
Group 2 5,19,22,25,20,3b, 44 b5
Gr0‘~1}‘ 3 1, 2, R,l2,15,19,32,hh
AN
SD9  CGrgup 1 R, 24,26, 61,45, 85 50 €5 A6,76
Grpup 2 3,12, 19 1<,27,'lq L9, 67,72,75
Crpnp 3 7.14.15,17,29. 51,61, (4. 71, 7%
ap17 Gropp 1 11,21,22,3%,40,41,b2, 5k
Grm\r» 2 £,10,17,2%, 45, 46,47, 50
Group 3 1,15,20,21,26,31, 3, 52

N
W)
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"ABL: 1.
COODNECZS-0RaR T AVONG Jexl [0 SUESPCUR KRUDIAL
SCLUTICONS ANT WT™ &7 o OTIVE ULy QRO
KRUSKAL CCTTICNS (LA AMPLE - 399)
” . ; o
Full Greupr Subgrp.l Gotere 7
Subgryp. i 0.29
Subgrp. 2 0,24 0.51
Subgrp. 3 0.22 0.41 v 0.49
&i
TABLE 13
TNDERPHIDDAONG (7Y ENSTONS TN CARr-0CLL
SCLUTTCN: € TUZKZR SUBGROUPS
Grade 9 Grade 12
ata .-t Din. I Din.7 Dir.7? Dim.1 Di%y. 2 Diri. 3

CAUY Group

Dol SRISES

O\ \W\w

CAS (Greup

BN o=t D = e N

~—
“~

SJ Group

DWW WoOOoON

SD Group

FTWH o PN BN
—_ N s P ol 1S TP ol ol S UG Y
FEEFO = FWrH —»WwWWW EFNVON
_Em O e

QWwWwWhr NOWO = OoOWwWwo o000 &

(@R e NeRW)

OQOWO EFNFO NDLXONM OOOO

0 - nc cle=r interpretation; 1 - certainty; 2 - creativity;
3 - thenretical-practical; 4 - temporal

24

N
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SOINTICLS

n D10
51 0.156
el 0.14

<

.19

la}

N

0

AT

2

BRI

ey e
JRRIOY NON ERSTS

BORCUED

Mo Py
[P SO DY

;rade Q

. 0%

.17

.10

.17
Grade 12

3

.23

~
“

0.14
0.14
0./

0.14

e
19
ne

> S O D

o 0.20 .18 0.15
) 0.16 .25 0,26
— s e - [EPEF S, —
TARLE 1Y
Co IR SN0 T AVONG CAReOLTL oL
(TR T 2y O ARG
SHUCHIE TN SRS DENINI 1 P

1
Group 1 Greup 2 Croup 3 Gr¥up U

»a11 Sroup  suberoup 1 Sabgreup .

0.79
0.77
! 0,61
0.482

Subar

oup
Subgroup
Cubmroeoup

subgroup

0.76
0.73
0.79

subproup
Subgroup -

Subgroup

Tucker

0. 56
0,50

0.62

0,54
0.61

Carn)ll

. 59

)

subgroup 3

»

0.61

—— g
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